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In 1949, we published 17 quantitative results of chemical research ifato
high~temperature and lov~temperature oxidation of the mixture C3Hg+0s. On the
basis of these data, we tried to add up the balance of C, Hat,J and 0, through
the entire course of the rcaction. Ag seen in Table 1, the“balance“adds up with
sufficient accuracy. FHere it is apparent that over the entire run of the reac-
tion, the amount of water ocb*ained {the only product not determined by analysis
but by difference from the balance) is equal to the sum of CO and COs. In low.-
temperature oxidation (cee Table 2) there is a disparity beiween the amount of
carbon burned and that found in the reaction products, a disparity which in-
creases with the extent of the transformation, This amount of carbon escaping
analysis is explained as due to the polymerization of formaldehyde which takes .
Place during low tempersture oxidation. Its zalculation leads to the same agree-
zent between the quantities of water and “he eun of CO and COp which wae moted
for the high«tmeperature reaction,

Coumparisou of the results of lowe and high~temperature oxidation of propene
leads to the conelusion, as was shown previously /'1 7, that there is a signifie
cant resemblance between processes in both temperature ranges. Apart from what
wag sald in the previous report,.a very important argument supporting this is
the fact that at both temperature ranges, identical quantitles of oxygea are
consunted for the same amount of converted propene throughout the course of the

reection.
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Supporting points on which the scheme is based are as follows:

C 1. The clese similarity of chemical Drocesses established for high- and
' low~-temperature oxidation is a reflection of the same radical-chain mechanism
for both temperature ranges,

Lov-temperature flashing is not reflected in this scheme, being a side
. Process of no significance in the total reaction of oxidation,

2. Over its entire extent, the process of oxidation of propens leads to
the conversion of this substance into CpHy,, HCHO, CH3CEO and subsequent oxida-
tion of the aldehydee » dnto CO, CO,, and Hp0.

3. HCHO formed in the reaction 13 not a degradation product of CH,CHO,
As was shown by special experlments, addition of CHLCHO to wue wriginal pro-
Depe-oxygen mixture does not increase the yeild of HCHO.

4. PFurther oxidation of the aldehydes proceeds according to the following
over-all equations:

ECHO# 30,-3C0 £ Hp0; HCEO /£ 03C0 A Hp0;
i CH3CT0 £ 130,202 2850 CH3CHO # 230,-22C0, £ 2m,0.,

5. The sum of the quantities of cof COp formed is equal over the entire
run of the reactiou to the amount o7 water formed.

6. C'H3CE0 brings about the degenmerete-branched chacter cf the oxidation.
i

Scheme of the Oxidatlon

3. Cyllg # 0p=ql £ Eo, €. HCO f cstig->EcHo - 63H5
1. Gy # Op->C3H500 " 7. CHSCHp - Cyfig=>CaR - Cyis
2. C3H5003HCHO £ Ch,CHO 8. CH.CHO /- 0y-3CH,CHO /+ Hop

3. CH,CHOA Cyfig—C3ms f- cmgomn o, 2HCHO # Oy-Pend products
4. CaHs009H,0 £ co /CcHeca, 1o PCHCHO /— On-derd products
5. CHeCH, f 02$HCH0]‘ ECO 11, C3H506-)brea.king away

In the beginning stages of the oxidation of ¢ Hg, when only traces of 0
and COp are detected, it may be assumed that pz'act’?rn.lly the entire amount of
aldehydes it covered by the analysis. In high-tempera \re oxidation of Propene,
165 seconds after tbe introduction of the unixture inte the reaction vessel , the
folloving were found; HCHO, 4.03 mm; CHaCHO, 2,3 mm; CoHy, 0.7 mm, end traces
of CO and €Oy, In Vrer-temperature oxidagion of propene, 25 minutes after in-
troduction of the mixture ianto the reaction vessel, the following were found:
HCHO, 7.1 mm, CH3CEO 3¢9 mm, Caﬂh’ 1.2 mm, and traces of €O and COs. From
this, it follows“thet in the beginning stuges of the reaction, (a) the ratio
of the actually formed quantities of HCHO to CH CHO is cluse to 2; and {b) the

ratio of the uantity of formed CQHI+ to the acthally formed quantity of HCHO
-+ 18 close to 1/5,

Bt "%

Taking the rate of the first reaction of the scheme to be 1, the rate of
the second will be &fi. of the fourth 1 ~o< » of the £ifth (1 ~ <) and of the
seventh (1 -<)(1 -_Q), where L1 and B{l. Using these designations, we get
for the quantities or actual y formed products (i.e, » without considering their
furthur :oxidation); ” ’
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' ‘ CHyCHO = of (2) | .’m
o HCHO o + 2 (1 - ) (2) ey
Coly = (1 ) (1 -8).

Then, for the beginning stages of the reaction,

cﬂ%q?% = £1A0-K)¢ _ 4

£

<
CaH < l-%) (/-8
ACAO— = w;)u-gc%q:’[f

vhence h=0.525 end = 0.55, !

(3)

Sincey determines the relationship of two zmonomolecular processes with thy

same radical 031!505 (reactions 2 ang k), it remains constant throughout the reaca
tion,

From the scheme s We ge

t
Ke_(c,Hy) (6.) / - (k)
8= klal) (C)F K, (CH ) (e ) 13- (Gl

£

.Thus, the value of B depends on the ratio (¢ H¢)/(0,), hich Zhanges frog
1.02 to 4.57 and from 1.1 to 6.6 at the end of thg reactIon in the highe anpd
lw-temperature regions, respecti vely,

Substituting the values for B, 03H > 8od O, in equation & for the meoment of
the reaction which corresponds to 165 sgconds £or the high~temperature regions
and 25 minutes for the low~temperature regions, we f£ind the relation of k7/k5. i
From the analytical data on (c }16)/(02) during the course of the process and”the
the relation of k-,/k » B is deéemi.ned for any mcment o the reaction,

Knovinggl , B4 and the amount of consumed propene, it is possible to deter-
mine tke actual amounts of formaldehyde and acetaldehyde by using equation 1 apng
2. Deducting from them the analytically determined amounts of aldehydes, wa £ind
the quantity of aldehydes subjected to oxidation, i.e., the amount of CO end Coy
formed. Furthernore, CO, obtained by reaction L, 15 determined as the sum

THCHO 4 14) - (CE{CHO)ntt 101 7+ (C ).
Table R contains the results ofcalculations of thig type for the higﬁ- and
lov-tewpersture regions, As we cay see, the calculated amounts of CO correspond *
vell to the analyticallydetermined quentities of CoO +COp, which is a confirma~
tion of the proposed chain mechanism,

/[Apvended tavles follew.7
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Table 1, Balance in mm of C
" ’ and Hy Along the Cource of High-!
of the Mixture SaHg f o2 (T ="3700; p'inttial = 220 m?r. 2‘”3.?:'1“ ;‘sm ofdaum

¢ [
—_— 2 52

, —

Momant: of Reac-
tion ‘in'gec-
After Introduc-
tion of Mixture
to Reaction’

Vesse)
190

191.5
195

197.5

202

207.5

215

[* Induction period

“revearsrcdntetinin X
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Table 2. Balance in mm'of.C, 0,, and &, A . Tempers o & Mixture
: - n oy H, Along the Cowrse of Low- erat T0: y € / ’
(T = 3000, Pigitn).‘ 320 mm,"7'>30 min 45.6 sec) (case.of thre:r:eld:ii’:::;:?' of the W cBHG"f % '
— c i .0p
. . '
Found 1n . Remsinder
Formed fpent in  cuwlonien . . Fomai®
. Con- Sub- Differ-  Polymeri- — Formed Spentiin
. Moment of the Rqaction | Bumed stances ence :-.:tZ::r ::Ai:gﬂn = ‘g\‘:;a gs;':as iﬁti ol g:mi'n- ‘
: i on - : e
30 min 40.5 sec T2 67.2 4.8 3 1.8 43 30.5 1.5
End of T (before first - . u"o
cold flame) 93 85.8 7.2 48 2.k 53 37.6 2.4 13.0
End of f£i: . .
o rst cold flame 105 97.1 7.9 5.2 2.7 62.5 Ly 2.6 15.9 %'
a \.In Before second cold flame 111 100 11 8.2 2.8 68.5 5 La 19.4 E: 8
§ ' End of second cold flame 126 109.7 16.3 12.8 3.5 78 49,3 6.l+ . 5 5
. . : 22,
Before third cold flame 144 118,7 25.3 21,5 3.8 91.5 5%.75 ’ o
ks . . . . 10, 26 N
End of third cold flawe 171 131.5 3 v i
. 39.5 35 L5 1.5 6075 175 32,25 8
End of reacti ) 3
eastion 213 168.6 17" 30 5.4 14k 82,13 19.5 k2,37 a
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- Conidumed F
“72 ound in Formed Substances Bpent in Polymerization Remaing . 02
o s ym . er €2 #-¢
3 - 23 219
93 61.4 |
? > - L 26.8 25.4
5 £ o5 5.2 .
B o ; 35.3 33.7
. .2
X ‘g - 126 65.7 12.8 N s ;
E 8.0 12, 47.5 44,8
v e - 691 21.5 53.% o ]
o o o 50.7 5
é 213’ i 35 68.5 63
39 . 98.5 3.4

! i et 1
Declassified in Part - Sanitized Copy Approved for Release 2011/10/25 : CIA-RDP80-00809A000700100316-8



Declassified in Part - Sanitized Copy Approved for Release 2011/10/25 : CIA-RDP80-00809A000700100316-8

Table 3. Comparison of Quantiti ]
es of (CO+ €Op) Calcul :
Quantities Pound Analyticall: ¢ gt datioaing to the Sch iy
Y in the Course of Oxidation of t] e e
. h
e Mixture C3lgh o,

(quantities of substances in mm)

.;n::dyticany Actually
. Fo y Formed : co+ 002
C3lg - K
. HCHO, Lost

. C3H, Ini-
= q t:al CB3CHO pomo CoBy  CHyCHO in Poly- Cnlé'll.lat?d Analyti-
& - 30 HCHO  merization From Scheme cally Found

" Moment of the Reaction
- High-Temperature Region (e '3700; Piattgar = 220 m a= 0.525)
ec 0-55‘ 1.02 3.5 2.2 ko3 o.7 - - -

190 0.515 1.18 19.0 . 71 12 3.0 10.0 20,1 .

191.5"" 0.511 1.2 20.5 7.1 1485 3.5 10.75 21.6

1195 ' 0.463 1.i5 32.7 12,3 25.€ 4.8 17.2  33.5

_97.5.' o.lg2 1,59 35 la.5 27.2 6 18.4 35,7

202 " 0.378 2.06 40 12.3 28 8 2.0 .2

207.5 " - 0.268 3.46 ks 13 28.5 10 23.6  h4.35

215 " 0.21h k.57 51 13.5 28.8 19.7 26.7 46.4
Cold-Flaue Region { T= 300°; Pinttial = 320 m; £ = 0.525)

30 min 16.5 sec 0.545 1.1 19 6.0 141 2,5 9.95 19.6 ‘ -

30 min 16.5 scc 0.53 1,16 24 3.75 12.'6 2h.7 3_0

End of e 0.52 1.2 3N . 48 16,2 32'0‘ k.e

End of first cold - o . .

flame 0.505 1.29 35 12.3 26 5.3 18,3  36.0 . 5.2

[Ad3o1ns page 8 herc./
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[Rajosne page 7 here W

Before second coid

flame

0.49  1.35 10.5 2% 7.2 19.% 38 8.2 k0.1

End of second cold
flame 0.k75 1.46 k2 (111 24,6 7.9 22 k2.9 . 45,6 4.8

Befora third cold
flame- 0.4k 1.67 k8. 11.6 25.5 . > 8.6 21.5 48.8 50.7

End of third cold
flame 0.38  2.15 57 1.0  2k.0 9.0 30 56.9 35 60.5 63

End of reaction 0.167 6.6 71 12.3 27k 9.8 37.2 67.8 39 76.3 93.k
#For cel'culatir.g the sctusl quantities of HCHO, we made use of the averags value of E_tor every moment of the reaction
**End of induction period, i.e, » moment of origination of firs¢ cold flame
' Bibliogrephy
1. V. Ya. Shtern and S.\S. Polyalf, DANM SSSR, Vol 1XV, Ro 3, 311 (19h49)
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